The Laryngeal Mask Airway is a reusable device for maintaining the patency of a patient's airway during general anaesthesia. The device can be reused after it has been cleaned and sterilized. Protein contamination of medical instruments is a concern and has been found to occur despite standard sterilization techniques. The reason for the concern relates to the possibility of the transmission of prions and the risk of developing a neurodegenerative disorder such as Creutzveldt-Jacob disease. The purpose of this study was to quantify the amount of protein contamination that occurs, and to relate this to the number of times the Laryngeal Mask Airway has been used. Fifty previously used Classic Laryngeal Masks were collected after routine sterilization and packaging. The devices were immersed in protein detecting stain and then visual inspection performed to assess the degree and distribution of the staining. The researcher was blinded to the number of times the Laryngeal Mask Airway had been used. Linear regression analysis of the degrees of staining of the airway revealed that protein contamination occurs after the first use of the device and this increases with each subsequent use. This finding highlights the concern that the currently used cleaning and sterilization methods do not prevent the accumulation of proteinaceous material on Laryngeal Mask Airways. Consideration should be given to the search for more efficient cleaning and sterilization techniques or the use of disposable devices.
The Classic Laryngeal Mask Airway (LMA; Laryngeal Mask Co., Henley-on-Thames, U.K.) is an airway device currently available in two forms, a single use polyvinyl chloride LMA and a reusable silicone LMA. Manufacturers currently suggest that the reusable LMA, with adequate cleaning and sterilization, can be used up to a maximum of 40 times 1 . Several recent studies have shown that residual proteinaceous material is detectable on sterilized LMAs [2] [3] [4] . This finding raises concerns about possible iatrogenic transmission of proteins and specifically prion proteins via reusable LMAs.
Prions are small proteinaceous particles that are thought to cause a group of disorders known as the transmissible spongiform encephalopathies (TSes). These fatal, neurodegenerative diseases include Bovine Spongiform encephalopthy (BSe) in cattle and Creutzfeldt-Jakob disease (CJd) in humans 5 . In the past decade, variant CJd (vCJd) has been recognized in humans 6 . vCJd is thought to have arisen from human consumption of prion-containing beef from BSe infected cattle 5 . The prions implicated in vCJd have been found to accumulate in areas outside the central nervous system including lymphoreticular tissues such as tonsils, spleen and appendix 7 .
Contact between the LMA and tonsillar lymphoid tissue may facilitate prion transfer from a vCJdinfected individual to the LMA. Prions are remarkably resistant to chemical and physical sterilization methods and may remain intact on the surface of the LMA following routine sterilization 8 . The reuse of LMAs may therefore result in the iatrogenic transmission of prion proteins.
The aim of this study was to determine the presence and degree of protein contamination of reusable LMAs following sterilization at our institution. we specifically examined the degree of contamination as it relates to the number of uses of each LMA.
MeTHodS
we examined 50 previously used, sterilized and packaged classic LMAs (sizes 3 to 5) in a single tertiary referral hospital. Two previously unused classic LMAs (size 3 and 4) were included as controls. The LMAs had all been subjected to the multi-step process that is required to ensure adequate sterilization of the LMA. Initially the LMA is washed using warm water and a mild detergent or dilute (8-10% w/w) sodium bicarbonate solution. A soft-bristled brush is then used during this stage to ensure the airway tube is thoroughly clean. The LMA is soaked in a sodium citrate solution, rinsed and dried prior to being processed in a steam autoclave at a temperature of 134 degrees Celsius. These processes have been demonstrated to be adequate for elimination of viral and bacterial particles 9 . The manufacturers' guidelines describe the same process of general cleaning in a dilute sodium bicarbonate solution, specific cleaning with a soft-bristled brush, rinsing in warm water followed by autoclaving at 134 degrees Celsius 1 .
each LMA was immersed in a 1% erythrosin B solution (Plaque disclosing Gel, Professional dentist Supplies Pty Ltd, Victoria) for 30 minutes and then rinsed in cold water to remove excess dye. erythrosin B staining has been shown to be sensitive for protein concentrations of 2 to 14 μg/ml 10 . The LMAs were then examined for uptake of dye as evidenced by pink discolouration of the LMA surface. In order to facilitate interstudy comparisons, the distribution and degree of staining was recorded using the same system as that used in a similar study undertaken by Clery et al 3 . The distribution of staining was assessed in each of five separate areas on the LMA surface -the outer surface of the cuff, the inner surface of the cuff, the edge of the cuff, the outer surface of the airway tube, and the inner surface of the airway tube. The degree of staining was visually assessed and graded as either nil, minimal (1-20%), moderate (>20-80%) or heavy (>80%-100%) according to the percentage surface area of the LMA stained by dye. For each level of staining a score ranging from 0 to 3 respectively was allocated. These scores were then summated and averaged to yield an overall staining score for each LMA.
our Central Sterile Supply department (CSSd) uses the identifying numbers on the base of the LMAs to record the number of times each device has been resterilized. A card that has 40 spaces is kept for each LMA. These numbers on the LMA were recorded by the researcher when performing the staining, and after the study the cards were used to determine the number of times each LMA had been used when the staining was performed.
The relationship between the number of uses of the laryngeal mask and the degree of protein staining was assessed using Linear Regression Analysis The statistical program used was SPSS 11.5. FiGure 1: Photograph illustrating the division of the cuff of the laryngeal mask airway into three sites for the purpose of assessing the distribution of staining. on the left, the outer surface is that part of the LMA enclosed by the markers. on the right, the inner surface refers to the area of the LMA enclosed by the markers; the edge is that part of the cuff not enclosed by the markers. The outer and inner surfaces of the airway tube were also included in our assessment for a total of five sites.
ReSULTS
A total of fifty classic LMAs were collected over the study period. All of the LMAs that had been used were stained to some degree. There was no staining on the two control LMAs. Forty percent of the LMAs had staining graded as severe on at least one of the five sites assessed. Staining was more common on the outer surface of both the cuff and airway tube.
Linear Regression Analysis (Figure 2) , indicated that the minimum predicted staining score after a single use is 1.17, and thereafter the score increases at a rate of 0.032 with each subsequent use. After forty uses the predicted score is 2.45 out of a maximum of 3. The statistical significance of this regression analysis was P<0.001.
dISCUSSIon
Prions are thought to be responsible for a number of fatal, neurodegenerative diseases of humans and 
The prion diseases are characterized by the post-translational modification of a naturally occurring neuronal surface protein-Prion Protein Cellular (PrPc). This modification may be genetically inherited, acquired by infection or occur as a sporadic mutation. In the acquired or transmissible form of the disease, the exogenous introduction of prions results in conversion of host cellular proteins into the modified, pathogenic form (PrPsc-sc denotes scrapie) 11 . The modified protein is resistant to degradation by lysosomal enzymes and accumulates intracellularly. This gives rise to characteristic changes in the brains of affected individuals with large vacuoles appearing throughout the cerebral cortex and cerebellum.
In 1996 a new variant of CJd was recognised in humans 6 . Variant CJd (vCJd) is thought to have arisen via interspecies prion transfer following human consumption of BSe infected beef 5 . The prions responsible for vCJd accumulate and replicate within the lymphoreticular system of the individual prior to neuroinvasion 12 . Prions have been identified within the lymphoreticular systems of the appendix, spleen and tonsils in vCJd affected individuals 7 .
In routine use the LMA can come into contact with the lymphoreticular tissue of the tonsil bed. Theoretically, transfer of prions from the lymphoid tissue of a vCJd infected individual to the LMA may occur. The resistance of prions to current sterilization procedures means that in reusing LMAs, we introduce the possibility of prion transfer to patients in whom the LMA is subsequently reused.
In a recent study by Clery et al, the degree of staining for all of the tested LMAs was graded as mild 3 . In contrast, in our study at least 40% of the laryngeal masks were severely stained on at least one of the five sites assessed. The LMA cleaning process undertaken in our institution is extensive and like that of Clery et al, includes both hand and machine washing. Prior to processing, the LMAs at our institution are soaked in a solution containing two litres of water and 50g sodium citrate powder. This period of soaking, which may be prolonged, obviously does little to displace proteinaceous material from the surface of the laryngeal masks.
Although the results demonstrate that the severity of staining, and therefore protein remaining on the LMA increased following repeated uses of the device, we would anticipate that the infectivity of the prions would decrease following multiple cleaning cycles. This assumption is based on the findings of Fichet et al who demonstrated that the potential infectivity of prions on contaminated stainless steel wires decreased (4 to 4.5 log reduction) following a single cycle of steam autoclaving 8 .
In 1996 the British department of Health recommended the use of disposable surgical instruments for adenotonsillectomy, due to the potential risk of vCJd transfer via prion contaminated surgical instruments 13 . This operation was specifically selected due to the known high concentration of prions found within the tonsil bed of vCJd infected individuals. Anaesthetic airway devices similarly lie within close proximity to the tonsil, however no such recommendations have been made regarding airway equipment.
Currently the prevalence of vCJd has not been determined. The incubation period following infection is long (mean of 16.7 years) and patients may remain asymptomatic for many years 14 . As we are unable to identify individuals in this asymptomatic but infected group, generalized precautions for the entire patient population may be the best risk management strategy in limiting iatrogenic spread of vCJd.
In view of the findings that protein contamination of LMAs increases with repeated use of the device, patients may be exposed to a potentially increasing risk of prion transmission. This raises the question as to whether improved cleaning techniques should be developed or the use of disposable equipment promoted. Further research is required to determine the nature and structure of the protein contaminants present after the cleaning and sterilization process.
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